The Proseal Laryngeal Mask Airway (PLMA) is routinely inserted by the digital and introducer tool techniques but a newer Gum Elastic Bougie (GEB) guided insertion technique has been described.
The Proseal Laryngeal Mask Airway (PLMA), having a modified cuff and a drain tube, broadens the application of supraglottic devices to include clinical situations where there is a risk of aspiration. It is routinely inserted using a digital technique such as the classic laryngeal mask airway (LMA) or with an introducer tool such as the intubating LMA. Insertion of a finger in the patient's mouth might not be sufficient to place the PLMA in its correct position and an introducer tool may not ensure correct positioning in patients with anatomy that varies from the norm. Recently, Gum Elastic Bougie (GEB) guided PLMA insertion has been described 1,2 , which avoids impaction at the back of the mouth. Various clinical tests have been used to confirm the correct placement of PLMA but the bougie method has not been confirmed by fibreoptic inspection. Thus we found it worthwhile to assess the ease of insertion and correct placement of the PLMA using a GEB and compare it with the two conventional techniques.
MATERIAL AND METHODS
After Institutional Review Board and ethical committee approval, this prospective randomised study was conducted in 96 ASA Grade I/II adult patients of either gender, aged 18 to 60 years, admitted in Maulana Azad Medical College and associated Lok Nayak Hospital, New Delhi, scheduled to undergo elective surgery in the supine position under general anaesthesia.
Patients with any pathology of neck, upper respiratory tract or upper alimentary tract, those at high risk of aspiration or having cardiovascular disease, bleeding disorders or history of previous difficult tracheal intubation were excluded from the study.
Patients selected in the study were also required to have Modified Mallampati Class I/II, thyromental distance >6.5 cm and the total score using wilson's criteria 3 of five risk factors for prediction of difficult intubation to be zero.
Following detailed pre-anaesthetic assessment, written informed consent was obtained from all patients. All patients received oral diazepam 10 mg both on the night before surgery and in the morning with sips of water. Inside the operating room, the patient was positioned supine with the head resting on a standard pillow of 7 to 10 cm in height. All routine monitoring (ECG lead II, non-invasive blood pressure monitor and pulse oximeter) was set up and peripheral venous access was secured. Baseline vital signs were recorded. Intravenous fentanyl (1 μg/kg) was administered and patients were pre-oxygenated for three minutes. Anaesthesia was induced with thiopentone in a dose sufficient to abolish the eyelash reflex and vecuronium (0.1 mg/kg) was administered to facilitate the PLMA insertion. Patients' lungs were ventilated using a facemask with 66% N 2 O and 1% halothane in oxygen for three minutes. Patients were then allocated by method of simple randomisation (by opening a sealed envelope) into three groups of 32 each: 1. Group G (n=32): the PLMA (The Laryngeal Mask Company, uK) was inserted using a Gum Elastic Bougie with rounded ends (Portex Tracheal Tube Introducer, Portex Ltd, uK) ( Figure 1 ). 2. Group I (n=32): the PLMA was inserted using an introducer tool (The Laryngeal Mask Company, uK). 3. Group D (n=32): the PLMA was inserted using the digital technique. A PLMA of appropriate size was chosen according to each patient's weight and lubricated with a clear water-based jelly. The PLMA was then inserted using different techniques according to the group allocated.
In Group G, the drain tube of the PLMA was primed with a lubricated GEB with its straight end first, leaving the 5 cm bent portion protruding from the proximal end (for the assistant to grip) and the maximum length protruding from the distal end (for the anaesthetist to manipulate). The GEB-guided technique involved the following steps:
under gentle laryngoscopic guidance, the distal 1.
portion of the GEB was placed 5 to 10 cm into the oesophagus while the assistant held the PLMA and the proximal portion of the bougie. The laryngoscope was then removed.
2.
The PLMA was inserted using digital insertion 3.
technique while the assistant stabilised the proximal end of GEB. The GEB was then removed while the PLMA 4.
was held in position. In Group D, the index finger was used to press the PLMA into and advance it around the palatopharyngeal curve.
In Group I, the introducer tool was attached to the PLMA, a single-handed technique was used to press the PLMA into and advance it around the palatopharyngeal curve and the tool was then removed.
All techniques were performed using a midline approach with the patient in the 'sniffing position' and with the cuff fully deflated. A slight lateral approach 4 was used if tactile resistance was felt at the back of the mouth. when the PLMA was inserted into the pharynx, the cuff was inflated with air until effective ventilation was established or the maximum recommended inflation volume was reached.
Patients were mechanically ventilated at an inspired tidal volume of 12 ml/kg, respiratory rate of 12 breaths/minute and an I:E ratio of 1:2.
Correct placement of the PLMA was clinically checked by absence of oropharyngeal air leak, gastric air leak, drain tube air leak, a positive suprasternal notch test and an end-tidal carbon dioxide (EtCO 2 ) value between 35 and 45 mmHg.
A well-lubricated gastric tube of appropriate size was then inserted through the drain tube. Correct gastric tube placement was assessed by suction of fluid or detection of injected air by epigastric stethoscopy.
Two attempts were allowed before insertion of PLMA was considered a failure. Failed insertion was defined as failed passage of PLMA into the pharynx, PLMA malposition (as detected by air leaks, negative suprasternal notch test or failed gastric tube insertion) or ineffective ventilation (maximum expired tidal volume <8 ml/kg, EtCO 2 >45 mmHg). The time between picking up the laryngoscope or prepared PLMA (cuff deflated, PLMA lubricated, introducer tool and GEB attached) and successful placement was recorded as "insertion time". If insertion failed after two attempts, a single attempt was permitted with each of the other two techniques in random order. The aetiology of failed insertion was documented.
Patients in whom PLMA placement was considered successful after clinical testing were examined using a Tracheal Intubation Fibrescope (Olympus LF-T, japan) through the airway tube of the PLMA at a position of 1 cm proximal to the end of the tube and the view was graded using a system modified from that suggested by Brimacombe and Berry 5 : Grade 4=only vocal cords visible, Grade 3=vocal cords and posterior epiglottis visible, Grade 2=vocal cords and anterior epiglottis visible and Grade 1=vocal cords not seen.
Assessment of ease of insertion of the PLMA was studied by insertion time, number of insertion attempts to achieve effective ventilation and number of cases which required lateral approach of insertion.
During the anaesthetic procedure, any episodes of hypoxia (SpO 2 <95%), adverse events or complications were observed and recorded. Any visible blood staining on any of the equipment (GEB, laryngoscope, introducer tool or the PLMA) was noted at removal. The oropharyngeal structures (mouth, lips and tongue) were inspected for evidence of trauma, i.e. any lip tear, mucosal injury, active bleeding or swelling.
Sample size was selected to detect a projected difference of 12% between the three groups with respect to the first attempt success rate, a type I error of 0.05 and a power of 0.8. Parametric data (age, height, weight and insertion time) were analysed with analysis of variance and non-parametric data with the Kruskal wallis test. Parametric data have been presented as mean ± SD. Significance was taken as P <0.05.
RESuLTS
The three groups were similar with respect to their demographic profiles, ASA grading and Mallampati class ( Table 1) .
In Group G, all 32 (100%) patients required a single attempt for insertion of PLMA. Even after two attempts, the PLMA was not successfully inserted in six patients in Group I (18.8%) and five patients in Group D (15.6%). The difference was significant (P=0.025).
In Group G, no case required the lateral approach of insertion of PLMA, whereas three cases (9.4%) required the use of lateral approach of insertion in Group I and Group D each (P=0.207).
The total insertion time of PLMA ranged from 18 to 25 seconds in Group G, 17 to 84 seconds in Group I and 16 to 86 seconds in Group D. The mean insertion time in the three groups was 22.1±2.1 seconds in Group G, 31.9±18.83 seconds in Group I and 29.6±18.61 seconds in Group D (P <0.05) ( Table 2) . In Group G, the fibreoptic bronchoscopic view was found to be grade 4 (best view) in 15 cases (46.9%), grade 3 in 14 cases (43.8%) and grade 2 in three cases (9.3%). There were no grade 1 (worst) views, the vocal cords being visible in all patients. In Group I, the fibreoptic bronchoscopic view was found to be grade 4 in six cases (18.8), grade 3 in 18 cases (56.3%), grade 2 in seven cases (21.8%) and grade 1 in one case (3.1%), the vocal cords being visible in 96.9% (31/32) patients. In Group D, the fibreoptic bronchoscopic view was found to be grade 4 in four cases (12.5%), grade 3 in 16 cases (50%), grade 2 in 12 cases (37.5%) with no case in grade 1; the vocal cords being visible in all patients. This difference in the fibreoptic view in the three groups was significant (P <0.05).
There was no incidence of blood staining in the GEB-guided insertion group. In Group I, the tool was stained in one case (3.1%) and the PLMA in another (3.1%), while four cases in Group D (12.5%) had staining of the PLMA (P >0.05). Trauma to the mouth, lips and tongue was significantly less in Group G than in the other groups (P <0.05) ( Table 3) .
DISCuSSION
In cases of difficult intubation, where the patient's trachea cannot be intubated using traditional equipment, an LMA should be considered 6 .
The Proseal LMA is a specialised LMA device with better ventilatory characteristics and protection against regurgitation and gastric insufflation 7 . The standard techniques of PLMA insertion, the digital and the introducer tool techniques, have a success rate of 80 to 100% in different studies; the main reasons for failure being impaction of PLMA at the back of the mouth and failure of the distal cuff to reach the hypopharynx 8 .
Blind insertion of a GEB, routinely used to guide endotracheal intubation, has resulted in perforation of the pharyngeal wall 9 but insertion using a laryngoscope to visualise the oesophageal opening has not resulted in any trauma 1 . A GEB-guided PLMA insertion technique with pharyngoscopy can be utilised in cases of failed tracheal intubation 10 .
In our study, the ease of insertion of a PLMA was compared among the three groups based on the insertion time, number of insertion attempts to achieve effective ventilation and number of cases requiring lateral approach of insertion.
The anaesthetic protocol (fentanyl, thiopentone, vecuronium) was standardised to ensure similar anaesthetic conditions for the PLMA insertion. we did not want to attribute any difficulty in insertion (by any of the three techniques) to inadequate anaesthetic depth. Moreover, use of muscle relaxant for insertion and subsequent use of the PLMA is commonly employed for patients requiring controlled ventilation during various surgical procedures [11] [12] [13] .
In our study, the overall PLMA insertion success rates with the three techniques (Group G 100%, Group I 78%, Group D 84%) were different. This contrasts with Brimacombe et al 1 who found the differences to be statistically insignificant (GEB 100%, digital 99%, introducer tool 98%). we allowed two attempts whereas Brimacombe et al allowed three before considering it a failure, thereby increasing the chances of successful insertion of the PLMA in their study. with repeated attempts the success rate might increase but the total time required to secure the airway also increases, thereby increasing the risk of hypoxia.
The success rates on first attempt with the three different techniques (Group G, 100%; Group I, 69% and Group D, 72%) were significantly different in our study. Brimacombe et al 1 reported similar Group G=PLMA was inserted using Gum Elastic Bougie, Group I=PLMA was inserted using introducer tool, Group D=PLMA was inserted using digital technique. * analysis of variance. Brimacombe et al 11 did report a higher first time success rate with the introducer tool but his study group was smaller than the previous two groups 14, 15 . The total time taken to successful placement of the PLMA was shorter in the GEB-guided technique (22±2.1 seconds) than the conventional techniques (Group I 31.9±18.8 seconds, Group D 29.5±18.6 seconds). Brimacombe et al also reported similar results 1 . This may be due to a number of reasons. First, PLMA placement by the GEB-guided technique was 100% successful at the first attempt whereas in the other two techniques, more than one attempt was required in many cases. Second, some patients in Groups I and D required the lateral approach of PLMA insertion. Third, laryngoscopy, a skill with which all anaesthetists are conversant, was used in the GEB-guided group and this might have contributed to the shorter time taken to insert the PLMA using GEB guidance.
There was no significant difference in the time taken to insert the PLMA with the introducer tool (31.9±18.8 seconds) and the digital (29.5± 18.6 seconds) techniques. Evans et al 14 reported similar results. However in contrast, Brimacombe et al 11 found the first time success rate to be higher and the PLMA insertion time shorter with the introducer tool technique. He attributed this to the fact that the introducer tool occupies less space than a finger, directs the cuff around the oropharyngeal inlet and facilitates full depth of insertion.
There was not a single failed use of the GEBguided technique. There were cases in both Groups I and D where we had to resort to GEB-guided insertion after the other two techniques failed. These results clearly indicate the superiority of the GEB-guided technique over the other two techniques.
No case required the lateral approach of insertion in Group G, whereas three cases (9.4%) required it in Groups I and D each. This difference was not significant. This is in contrast to Brimacombe et al 1 and could be attributed to the use of muscle relaxants in our study which made conditions more favourable for insertion of the PLMA.
There are not many studies where fibreoptic assessment of PLMA placement was performed. In our study, the difference in the fibreoptic view (grade 4/3/2/1: 15/14/3/0 in Group G, 6/18/7/1 in Group I, 4/16/12/0 in Group D) was found to be statistically significant. Vocal cords were visible in 100% of patients in Group G. In a study by Evans et al 14 of 102 patients in whom insertion was carried out with conventional techniques, the vocal cords were visible in 92% of patients. This significant difference in the fibreoptic view in cases of GEBguided insertion might be due to the better alignment of the drain tube of the PLMA with the oesophagus, hence ensuring correct anatomical placement of the PLMA. In the two conventional groups, the PLMA is inserted blindly and is therefore not always being positioned correctly.
There were no episodes of hypoxia in our study. No case of blood staining or trauma was found in Group G. Howarth et al 2 found blood staining on the PLMA in 3% of the patients in whom the PLMA was inserted using the GEB technique. No blood was found on the bougie after removal, suggesting that oesophageal mucosal trauma does not occur during passage of the bougie. Howarth et al 2 similarly found no evidence of mouth, tongue or lip trauma in 100 patients in whom PLMA was inserted using the GEB-guided technique. This may be due to the gentle laryngoscopy, i.e. just good enough to visualise the posterior glottis 2 , the relatively atraumatic GEB, avoidance of impaction at the back of the mouth and the placement of the PLMA in a single attempt by this technique. Blood staining occurred in the other two groups but was statistically not significant, whereas the incidence of visible trauma was statistically significant. Bleeding at all the sites stopped within five minutes of applying pressure with a dry cotton swab. Brimacombe et al 1 found blood staining in 18% of patients in whom the PLMA was inserted using the digital technique. This might be due to impaction at the back of the mouth and the intraoral manipulations (e.g. using the lateral approach) required during insertion of the PLMA.
CONCLuSION
Compared to the two conventional PLMA insertion techniques, GEB-guided PLMA insertion is an easier, faster, more successful and a relatively atraumatic technique which also ensures correct placement of the PLMA in the hypopharynx.
